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©  Food-processing  apparatus. 

©  Food-processing  apparatus  for  controlling  the 
power  utilized  by  a  system  including  a  plurality  of 
electrical  loads  comprises  a  computer  for  controlling 
the  duty  cycle  of  each  of  the  loads.  The  computer  is 
responsive  to  the  actual  power  demand  of  the  loads 
for  determining  whether  a  predetermined  limit  for 
maximum  power  demand  for  the  system  will  be 
exceeded  by  the  actual  power  demand.  If  the  pre- 
determined  limit  for  maximum  power  demand  will  be 
exceeded  by  the  actual  power  demand,  the  com- 
puter  reduces  the  duty  cycle  of  at  least  one  of  the 
loads  to  reduce  the  actual  power  demand. 
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which  is  capable  of  communicating  between  con- 
trollers  of  a  plurality  of  control  systems  of  the 
apparatus. 

In  accordance  with  the  invention,  food-process- 
5  ing  apparatus  for  controlling  the  power  utilized  by  a 

system  including  a  plurality  of  electrical  loads  com- 
prises  computer  control  means  coupled  to  a  plural- 
ity  of  electrical  loads  for  controlling  the  duty  cycle 
of  each  of  the  loads.  The  apparatus  also  includes 

10  means  responsive  to  the  actual  power  demand  of 
the  loads  for  determining  whether  a  predetermined 
limit  for  maximum  power  demand  for  the  system 
will  be  exceeded  by  the  actual  power  demand  of 
the  loads.  The  apparatus  also  includes  means  re- 

75  sponsive  to  the  determining  means  if  the  predeter- 
mined  limit  for  maximum  power  demand  will  be 
exceeded  by  actual  power  demand  for  reducing 
the  duty  cycle  of  at  least  one  of  the  loads  to 
reduce  the  actual  power  demand. 

20  For  a  better  understanding  of  the  present  in- 
vention,  together  with  other  and  further  objects 
thereof,  reference  is  made  to  the  following  descrip- 
tion,  taken  in  connection  with  the  accompanying 
drawings,  and  its  scope  will  be  pointed  out  in  the 

25  appended  claims. 
Referring  now  to  the  drawings: 

Fig.  1  is  a  schematic  diagram  of  food-process- 
ing  apparatus  constructed  in  accordance  with 
the  invention; 

30  Fig.  2  is  a  schematic  diagram  of  another  em- 
bodiment  of  the  apparatus  constructed  in  accor- 
dance  with  the  invention; 
Figs  3  and  4  are  flow  charts  comprising  a  repre- 
sentation  of  portions  of  a  microcomputer  which 

35  operates  according  to  a  computer  program  pro- 
duced  according  to  the  flow  chart;  and 
Figs.  5-9  are  flow  charts  comprising  representa- 
tions  of  portions  of  microcomputers  which  op- 
erate  according  to  computer  programs  produced 

40  according  to  the  flow  charts. 
Before  referring  to  the  drawings  in  detail,  it  will 

be  understood  that  for  purposes  of  clarity  the  ap- 
paratus  represented  in  block  diagrams  in  Figs.  1-9 
utilizes,  for  example,  an  analog-to-digital  converter 

45  in  a  microprocessor  which  includes  such  hardware 
as  a  central  processing  unit,  program  and  random 
access  memories,  timing  and  control  circuitry, 
input-output  interface  devices  and  other  conven- 
tional  digital  subsystems  necessary  to  the  opera- 

50  tion  of  the  central  processing  unit  as  is  well  under- 
stood  by  those  skilled  in  the  art.  The  microproces- 
sor  operates  according  to  the  computer  program 
produced  according  to  the  flow  charts  represented 
in  the  drawings. 

55  Referring  now  more  particularly  to  Fig.  1  of  the 
drawings,  there  is  represented  food-processing  ap- 
paratus  for  controlling  the  power  utilized  by  a  sys- 
tem  including  a  plurality  of  electrical  loads.  More 

This  invention  relates  to  food-processing  ap- 
paratus  and,  more  particularly,  to  food-processing 
apparatus  for  controlling  the  power  utilized  by  a 
system  including  a  plurality  of  electrical  loads.  The 
electrical  loads  preferably  comprise  cooking  de- 
vices,  for  example,  deep  vat  fryers  and  various 
types  of  ovens,  cooling  devices,  for  example,  re- 
frigerators,  and  air  conditioning  devices  which  may, 
for  example,  air  condition  the  environment  of  a  fast 
food  restaurant. 

Ordinarily  one  of  the  key  parameters  in  deter- 
mining  electrical  rates  charged  by  a  utility  is  deter- 
mined  by  the  peak  power  load  within  a  specific 
period  of  time.  For  example,  a  customer  may  use 
an  average  power  of  12  kilowatts  for  10  hours  and 
then  use  0  kilowatts  for  the  remaining  12  hours  of 
the  day  for  a  total  of  120  kilowatt  hours.  The  utility 
may  charge  10$  per  kilowatt  hour  for  a  total  charge 
of  $12.00  per  day. 

However,  if  the  customer  requires  120  kilowatts 
for  ten  minutes,  six  times  a  day  or  120  kilowatt 
hours,  the  utility  would  charge  the  customer  a 
higher  rate  because  the  apparatus  required  to  de- 
liver  that  power  has  to  be  much  larger  (i.e.  120 
kilowatts)  than  the  apparatus  required  to  deliver  12 
kilowatts. 

For  the  sake  of  efficiency  and  minimizing 
costs,  the  operator  of  a  fast  food  restaurant  may 
control  when  various  loads  are  turned  on  in  accor- 
dance  with  the  invention.  A  minimum  peak  power 
can  be  achieved  by  limiting  the  number  of  loads 
that  are  turned  on  at  any  one  time.  Moreover,  the 
loads  can  be  prioritized  so  that  desired  loads  can 
be  serviced  first  under  program  control  as  selected 
by  the  operator  and  under  software  control,  de- 
pending  on  the  nature  of  the  load  and  its  relative 
priority  or  importance  to  the  store  application. 

It  is  an  object  of  the  present  invention,  there- 
fore,  to  provide  a  new  and  improved  food-process- 
ing  apparatus  which  avoids  one  or  more  of  the 
disadvantages  of  prior  such  apparatus. 

It  is  another  object  of  the  invention  to  provide  a 
new  and  improved  food-processing  apparatus  ca- 
pable  of  automatically  controlling  the  maximum 
power  demand  by  the  apparatus. 

It  is  another  object  of  the  invention  to  provide  a 
new  and  improved  food-processing  apparatus  ca- 
pable  of  automatically  controlling  the  peak  power 
demand  of  the  apparatus  in  accordance  with  the 
relative  priorities  of  loads  on  the  apparatus. 

It  is  another  object  of  the  invention  to  provide  a 
new  and  improved  food-processing  apparatus 
which  is  capable  of  controlling  the  peak  power 
demand  of  cooking  devices,  cooling  devices  and 
air  conditioning  devices  in  accordance  with  the 
relative  priorities  thereof. 

It  is  another  object  of  the  invention  to  provide  a 
new  and  improved  food-processing  apparatus 
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The  main  loop  includes  "perform  load  leveling 
operation"  microprocessor  portion  32,  "perform 
system  related  operation"  microprocessor  portion 
33  and  "perform  system  function"  microprocessor 

5  portion  34.  The  first  function  in  the  main  loop  is  to 
perform  the  load  leveling  algorithm,  as  represented 
in  Fig.  4.  After  performing  the  load  leveling  al- 
gorithm  the  main  loop  performs  other  system  re- 
lated  functions  indicated  by  microprocessor  portion 

10  33  such  as  generating  a  display,  responding  to  a 
key  press  or  timing  down  a  process.  Any  remaining 
functions  the  system  may  perform  occur  under  the 
control  of  "perform  system  function"  microproces- 
sor  portion  34.  Thus  the  system  performs  the  load 

75  leveling  algorithm  as  one  of  its  many  tasks. 
Fig.  3  represents  the  microprocessor  portions 

performing  the  load  leveling  operation  including 
"main  load  leveling"  microprocessor  portion  30 
which  is  an  entry  point.  The  food  processing  ap- 

20  paratus  includes  computer  control  means  10  (Fig. 
1)  coupled  to  a  plurality  of  electrical  loads  21,  25 
(Fig.  1),  for  controlling  the  duty  cycle  of  each  of  the 
loads  21  ,  25.  Means  responsive  to  the  actual  power 
demand  of  the  loads  for  determining  whether  a 

25  predetermined  limit  for  maximum  power  demand 
for  the  system  will  be  exceeded  by  the  actual 
power  demand  of  the  loads  is  represented  by  "will 
maximum  demand  be  exceeded?"  microprocessor 
portion  36  of  Fig.  4.  The  "yes"  output  of  the 

30  microprocessor  portion  36  is  coupled  to  a 
"lengthen  off  time  of  prioritized  devices"  micropro- 
cessor  portion  37.  The  apparatus  thus  includes 
means  responsive  to  the  determining  means  if  the 
predetermined  limit  for  maximum  power  demand 

35  will  be  exceeded  by  actual  power  demand  for 
reducing  the  duty  cycle  of  at  least  one  of  the  loads 
to  reduce  the  actual  power  demand.  The  algorithm 
determines  whether  the  maximum  demand  will  be 
exceeded  by  comparing  the  calculated  load  to  the 

40  maximum  system  load  value.  The  maximum  sys- 
tem  load  value  is  user  programmable  and  is  stored, 
for  example,  in  EEPROM  (Electrically  Erasable 
Programmable  Read  Only  Memory)  within  the  sys- 
tem  hardware.  The  calculated  load  is  determined 

45  by  factoring  the  power  requirements  of  the  devices 
currently  operating  under  the  system's  control.  The 
user  has  the  capability  to  change  the  system  con- 
figuration,  using  a  programming  sequence,  by  en- 
tering  the  power  requirements  of  a  device,  priority 

so  of  the  device  and  other  parameters  about  the  de- 
vice  such  as  which  control  algorithm  to  use  in 
controlling  it  and  minimum  power  on/off  times. 
Such  information  is  stored,  for  example,  in  EEPR- 
OM  hardware. 

55  When  the  calculations  indicate  that  the  maxi- 
mum  demand  will  be  exceeded  the  list  of  devices 
stored  in  EEPROM  is  scanned  for  the  lowest  prior- 
ity  device  that  is  currently  operating  and  has  been 

particularly,  the  food-processing  apparatus  includes 
a  microcomputer  10  preferably  at  the  cooking  vat. 
The  microcomputer  10  includes  a  central  process- 
ing  unit  which  receives  an  input  from  a  keyboard 
1  1  which  may,  for  example,  comprise  a  capacitive 
keyboard. 

The  food  processing  apparatus  includes  a  con- 
ventional  power  supply  12,  a  reset  circuit  13  for 
resetting  the  microcomputer  when  renewing  power 
in  the  power  supply,  a  clock  oscillator  14  for  pro- 
viding  clock  pulses  to  the  microcomputer  10,  a 
temperature  sensor  circuit  15  for  sensing  the  tem- 
perature  within  the  food  processing  apparatus,  an 
audible  alarm  16,  an  alpha/numeric  display  17  and 
indicator  lights  18.  The  food-processing  apparatus 
also  includes  a  communication  port  19  for  the 
microcomputer  10.  The  microcomputer  10  controls 
an  output  relay  circuit  20  which  may,  for  example, 
control  the  gas  valves  of  a  burner  or  a  heating 
element  or  microwave  or  other  means  21.  The 
microcomputer  10  also  controls,  for  example,  a 
remote  status  indicator  24  and  an  air-conditioning 
system  25.  As  will  be  more  fully  explained  subse- 
quently,  the  communication  port  19  is  provided  for 
transmitting  signals  to  and  from  other  apparatus. 

Referring  now  more  particularly  to  Fig.  2  of  the 
drawings,  there  is  represented  food-processing  ap- 
paratus  which  includes  a  plurality  of  cooking  com- 
puter  systems  26,  27  coupled  by  a  communication 
line  28.  The  cooking  computer  system  26  is  a 
master  cooking  computer  system  and  the  cooking 
computer  system  27  is  a  slave  cooking  computer 
system  as  will  be  explained  more  fully  subse- 
quently.  Each  of  the  cooking  computer  systems  26, 
27  may  include  loads  such  as  one  or  more  of  the 
temperature  control  means  21  and  the  air  con- 
ditioning  system  25  of  Fig.  1  .  The  master  and  slave 
systems  are  in  the  same  restaurant. 

Considering  now  the  operation  of  the  food  pro- 
cessing  apparatus  with  reference  to  Figs.  3  and  4, 
a  single  unit  system  comprising,  for  example,  the 
Fig.  1  apparatus  is  a  single  control  unit  for  one  or 
more  devices.  The  single  unit  system  contains  the 
entire  load  leveling  algorithm  within  the  single  con- 
trol  unit.  Fig.  3  represents  a  typical  main  execution 
loop  for  a  single  unit  system.  The  system  begins 
operation  at  a  "main  load  leveling"  microprocessor 
portion  30,  typically  from  turning  power  on.  After 
power  stabilization  the  system  is  initialized  as  in- 
dicated  by  "initialize  system"  microprocessor  por- 
tion  31.  All  hardware  is  set  to  initial  states,  tables 
are  verified,  control  variables  are  set  to  known 
values,  all  of  which  are  typical  operations  known  to 
one  skilled  in  the  art.  The  software  then  enters  the 
main  control  loop  which  cycles  until  power  is 
turned  off.  The  main  loop  may  be  paused  by 
interrupts  to  handle  events  at  predetermined  time 
intervals  or  to  handle  selected  events. 
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"on"  the  minimum  time.  This  device  is  put  into  a 
power  cycle  "off"  state  by  microprocessor  portion 
37.  Other  devices  which  may  not  be  currently 
operating  have  their  running  "off"  times  extended 
by  microprocessor  portion  37.  This  brings  the  sys- 
tem  within  the  safety  band  to  be  explained.  The 
algorithm  will  then  proceed  to  exit  at  "return  to 
main  loop"  microprocessor  portion  38. 

The  apparatus  of  Fig.  4  includes  means  re- 
sponsive  to  the  determining  means  36  if  the  pre- 
determined  limit  for  maximum  power  demand  will 
not  be  exceeded  by  actual  power  demand  for  de- 
termining  whether  the  actual  power  demand  is  in  a 
predetermined  safety  band  below  the  predeter- 
mined  limit.  When  the  calculations  of  microproces- 
sor  portion  36  indicate  that  the  maximum  demand 
will  not  be  exceeded,  the  state  of  the  system  is 
checked  for  positioning  in  the  user  programmable 
safety  band  by  microprocessor  portion  39.  The 
safety  band  is  a  range  below  the  maximum  allowed 
demand  that  allows  the  covered  appliances  to  op- 
erate  in  a  cycled  manner.  When  the  demand  is 
below  the  safety  band  there  is  power  capability  to 
handle  more  appliances  for  operation.  When  the 
demand  is  within  the  safety  band,  the  equipment 
and  appliances  under  system  control  are  said  to  be 
operating  harmoniously.  When  the  system  is  below 
the  safety  band  the  system  adjusts  the  allowable 
"OFF"  times  of  the  controlled  appliances  by 
"shorten  off  time  of  prioritized  devices"  micropro- 
cessor  portion  40  coupled  to  the  "no"  output  of 
microprocessor  portion  39.  Upon  completing  the 
change  of  energy-allowed  demand,  the  routine  will 
proceed  to  exit  at  "return  to  main  loop"  micropro- 
cessor  portion  38.  The  means  for  lengthening  the 
"off"  period  of  the  duty  cycle  of  one  or  more 
prioritized  devices  comprises  means  for  removing 
a  load  of  lowest  priority  which  has  been  on  for  at 
least  the  minimum  "on"  period.  If  the  demand  is 
within  the  safety  band,  the  "yes"  output  of  the 
microprocessor  portion  39  applies  a  signal  to  the 
"hold  current  state"  microprocessor  portion  41  . 

The  load  leveling  algorithm  accumulates  the 
on/off  state  of  an  appliance  at,  for  example,  one 
second  intervals  for  time  periods,  typically  15  min- 
utes,  in,  for  example,  a  circular  buffer  to  determine 
the  amount  of  energy  used.  A  circular  buffer  is  a 
database  that  contains  a  fixed  number  of  data 
items.  When  a  new  data  item  is  acquired,  it  is 
placed  in  the  buffer  at  the  place  occupied  by  the 
oldest  data  item.  Thus  only  the  last  n  items  of  data 
are  saved.  The  circular  buffer  in  an  example  of  a 
15  minute  sampling  of  maximum  demand  would  be 
900  bits  long  (60  seconds/minute  x  15  minutes  = 
900  seconds). 

The  system  preferably  includes  the  entire  fast 
food  store  that  the  appliance  is  operating  in.  In  the 
single  unit  load  leveling  system,  the  multiple  appli- 

ances  in  the  system  are  individually  programmed 
to  have  maximum  single  unit  load  values,  inferring 
that  multiple  single  unit  load  leveling  systems  may 
coexist  within  an  individual  store.  The  system  con- 

5  figuration  can  be  changed  by  the  user  by  phys- 
ically  adding  and/or  removing  an  appliance  from 
the  store.  The  user  must  also  re-evaluate  the  store 
configuration  to  determine  the  priority  of  an  appli- 
ance.  Appliance  priorities  vary  as  to  the  time  of 

w  day,  for  instance,  fryers  would  have  a  lower  priority 
in  the  breakfast  menu  time  than  at  lunchtime  when 
they  are  heavily  used.  By  including  a  real  time 
clock  and  calendar  in  the  unit  and  allowing  priority 
values  for  each  quarter  hour  of  the  day,  the  appli- 

15  ance  priority  is  varied  according  to  expected  de- 
mand. 

The  portion  of  maximum  system  load  allocated 
to  each  appliance  must  also  be  determined  and 
programmed  into  each  single  unit  load  leveling 

30  EEPROM  when  the  appliance  configuration  is 
changed.  Allocation  of  maximum  system  load  is 
performed  by  programming  into  each  single  load 
leveling  system  the  total  (storewide)  maximum  sys- 
tem  requirement  and  the  desired  maximum  system 

25  load.  The  single  load  leveling  unit  can  then  cal- 
culate  the  percentage  of  load  it  contributes  to  the 
total  load  and  use  that  percentage  of  the  desired 
maximum  system  load.  For  example,  a  fryer  rated 
at  2  kilowatts  in  a  store  with  40  kilowatts  of  appli- 

30  ances  contributes  to  5%  of  the  load  (2/40  =  .05) 
with  a  desired  maximum  system  load  of  20  kilo- 
watts,  the  unit  for  the  fryer  would  calculate  that  it 
could  use  1  kilowatt  of  the  maximum  load  (20,000  x 
0.05  =  1,000). 

35  The  control  algorithm  is  selectable.  The  criteria 
for  selection  are  based  upon  the  particular  device 
being  controlled,  for  example,  fryer,  oven,  air  con- 
ditioner  or  the  like  and  what  is  recommended  by 
the  manufacturer  or  the  purchaser's  engineering 

40  staff.  Examples  of  type  of  control  algorithms  that 
may  be  selected  are  ON/OFF  controller,  PID  con- 
troller  or  a  custom  controller.  To  select  a  controller 
algorithm,  the  user  enters  program  mode  and 
makes  the  selection  by  setting  a  code  such  as  1 

45  for  ON/OFF,  2  for  PID,  and  the  like.  The  data 
entered  are  stored  in  the  EEPROM  hardware  for 
future  use  by  the  program. 

While  in  program  mode  the  single  unit  load 
leveling  controller  can  be  programmed  with  mini- 

50  mum  power  ON/OFF  times.  Typically  the  mechani- 
cal  devices  that  contain  the  final  contacts,  espe- 
cially  for  electric  appliances,  deteriorate  when  ex- 
ercised  frequently.  It  is  therefore  desirable  to  limit 
the  frequency  that  the  contacts  are  closed  or 

55  opened.  This  is  achieved  by  programming  and 
following  minimum  ON/OFF  times.  For  example, 
the  minimum  "ON"  time  might  be  4  seconds  and 
the  minimum  "OFF"  time  might  be  2  seconds. 
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functions  the  system  might  perform  are  performed 
by  microprocessor  portion  49. 

Referring  now  more  particularly  to  Fig.  6,  the 
master  unit  load  leveling  algorithm  includes  an 

5  entry  microprocessor  portion  51.  The  "master  unit 
load  leveling  algorithm"  microprocessor  portion  51 
is  coupled  to  a  "will  system  energy  demand  be 
exceeded?"  microprocessor  portion  52.  The  micro- 
processor  portion  52  determines  whether  the  maxi- 

io  mum  demand  will  be  exceeded  by  comparing  the 
calculated  load  to  the  maximum  system  load  value. 
The  maximum  system  load  value  is  user  program- 
mable  and  is  saved  in  the  EEPROM  within  the 
system  hardware.  The  calculated  load  is  deter- 

75  mined  by  factoring  in  the  power  requirements  of 
the  devices  currently  operating  under  the  system 
control.  The  user  has  the  capability  to  change  the 
system  configuration,  using  a  programming  se- 
quence,  by  entering  the  power  requirements  of  a 

20  device,  priority  of  the  device,  and  other  parameters 
about  the  device  such  as  which  control  algorithm  to 
use  in  controlling  it  and  minimum  power  on/off 
times.  This  information  preferably  is  stored  in 
EEPROM  hardware. 

25  When  the  calculations  indicate  that  the  maxi- 
mum  demand  will  be  exceeded,  the  list  of  devices 
stored  in  EEPROM  hardware  is  scanned  for  the 
lowest  priority  device  that  is  currently  operating 
and  has  been  "on"  the  minimum  time  by  a 

30  "determine  amount  of  load  to  defer"  microproces- 
sor  portion  53  coupled  to  a  "select  which  system 
loads  to  defer"  microprocessor  portion  54.  The 
lowest  priority  device  that  is  currently  operating 
and  has  been  "on"  the  minimum  time  is  selected 

35  to  be  put  into  a  power  cycle  "off"  state.  Other 
devices  which  may  not  be  currently  operating  have 
their  "off"  times  extended,  also  based  upon  the 
priority  table.  This  brings  the  system  within  the 
safety  band.  Messages  are  generated  by  a 

40  "transmit  message  to  specific  units  to  lengthen  off 
times  of  selected  loads"  microprocessor  portion 
55.  The  specific  units  mentioned  include  units  oth- 
er  than  the  master  unit,  for  example,  slave  units  to 
be  described  subsequently.  The  algorithm  then  ex- 

45  its  at  "return  to  main  loop"  microprocessor  portion 
56. 

When  the  calculations  of  microprocessor  por- 
tion  52  indicate  that  the  maximum  demand  will  not 
be  exceeded,  the  state  of  the  system  is  checked 

50  for  positioning  in  the  user  programmable  safety 
band  by  an  "in  safety  band?"  microprocessor  por- 
tion  57  coupled  to  the  "no"  output  of  microproces- 
sor  portion  52.  The  safety  band  is  arranged  below 
the  maximum  allowed  demand  that  allows  the  cov- 

55  ered  appliances  to  operate  in  a  cycled  manner. 
When  the  demand  is  below  the  safety  band,  more 
appliances  can  be  added  in  operation.  When  the 
demand  is  within  the  safety  band  the  equipment 

The  maximum  demand  safety  band  is  prog- 
rammable  and  may,  for  example,  be  set  to  5%  of 
the  maximum  demand.  The  result  is  that  all  appli- 
ances  under  control  of  the  single  unit  load  leveling 
apparatus  will  be  controlled  without  interruption  up 
to  the  maximum  demand  level.  When  the  maxi- 
mum  demand  level  is  exceeded,  the  single  unit 
load  leveling  apparatus  will  scan  the  list  of  devices 
stored  in  its  EEPROM  hardware  for  the  lowest 
priority  operating  device  in  order  to  modify  its 
power  cycling.  The  algorithm  will  first  turn  off  low- 
est  priority  devices  that  have  been  on  the  minimum 
"ON"  time.  Next  the  algorithm  will  lengthen  the 
"OFF"  times  of  low  priority  devices  by,  for  exam- 
ple,  1  second.  After  an  evaluation  delay  time  of 
typically  1  second,  the  apparatus  will  evaluate  the 
system  again.  Appropriate  action,  either  similar  to 
that  described  above  or  the  opposite  will  be  taken. 
The  opposite  action  is  to  shorten  the  "OFF"  times 
by  1  second  on  a  priority  basis. 

Referring  now  to  Figs.  5-9,  the  flow  charts  of  a 
multi-unit  system  such  as  represented  in  Fig.  2  are 
there  represented.  Fig.  5  shows  a  typical  main 
execution  loop  for  a  multi-unit  system  having  an 
entry  at  main  multi-unit  system  microprocessor 
portion  45,  typically  actuated  by  turning  power  on. 
After  power  stabilization  the  system  is  initialized  at 
"initialize  system"  microprocessor  portion  46.  Dur- 
ing  the  initialization  all  hardware  is  set  to  initial 
states,  tables  are  verified,  control  variables  are  set 
to  known  values,  all  being  typical  operations  known 
to  one  skilled  in  the  art.  The  "initialize  system" 
microprocessor  portion  46  then  actuates  the  main 
control  loop.  This  control  loop  cycles  until  power  is 
turned  off.  The  main  loop  may  be  paused  by 
interrupts,  to  handle  events  at  predetermined  time 
intervals  or  selected  events. 

The  main  loop  includes  a  "time  to  test  de- 
mand?"  microprocessor  portion  47  having  its  "no" 
output  applied  to  a  "perform  system  update" 
microprocessor  portion  48  coupled  to  a  "perform 
system  function"  microprocessor  portion  49  having 
its  output  coupled  in  a  loop  to  the  input  of  the 
microprocessor  portion  47.  The  microprocessor 
portion  47  checks  whether  it  is  time  to  perform  the 
load  leveling  algorithm.  When  it  is  the  correct  time 
to  perform  the  load  leveling  algorithm,  the  "yes" 
output  of  the  microprocessor  portion  47  applies  a 
signal  to  the  "perform  load  leveling  algorithm" 
microprocessor  portion  50.  The  load  leveling  al- 
gorithm  routine  is  then  executed  by  microprocessor 
portion  50,  as  will  be  explained  more  fully  subse- 
quently.  After  executing  the  load  leveling  algorithm, 
the  microprocessor  portion  50  applies  a  signal  to 
the  main  loop.  The  main  loop  performs  other  sys- 
tem  related  functions  such  as  generating  a  display, 
responding  to  a  key  press,  or  timing  down  a  pro- 
cess  by  microprocessor  portion  48.  Any  remaining 
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and  appliances  under  system  control  are  said  to  be 
operating  harmoniously.  When  the  system  is  below 
the  safety  band,  the  system  adjusts  the  allowable 
OFF  times  of  the  controlled  appliances  by  a 
"calculate  amount  of  load  to  add"  microprocessor 
portion  58  coupled  to  the  "no"  output  of  the  micro- 
processor  portion  57.  Using  the  same  priority  ta- 
bles  used  by  microprocessor  portion  54,  the  al- 
gorithm  in  "select  which  system  loads  to  add" 
microprocessor  portion  59  selects  appliance  loads 
to  shorten  their  OFF  times.  The  microprocessor 
portion  59  is  coupled  to  a  "transmit  messages  to 
specific  units  to  shorten  off  time  of  selected  loads" 
microprocessor  portion  60.  The  specific  units  to 
which  messages  may  be  transmitted  by  the  micro- 
processor  portion  60  include  the  master  unit  and 
one  or  more  slave  units  as  will  be  described  subse- 
quently.  Upon  completion  of  the  change  of  energy 
demand,  the  routine  exits  at  "return  to  main  loop" 
microprocessor  portion  56. 

When  the  system  is  within  the  safety  band  as 
determined  by  microprocessor  portion  57,  the  rou- 
tine  will  not  make  any  changes  and  the  "yes" 
output  of  the  microprocessor  portion  57  is  coupled 
to  a  "hold  current  state"  microprocessor  portion  61 
which  is  coupled  to  "exit  the  routine"  at  micropro- 
cessor  portion  56.  The  microprocessor  portion  56 
is  a  single  point  exit  for  the  load  leveling  algorithm. 
At  the  microprocessor  portion  56  the  routine 
passes  program  control  back  to  the  main  loop 
represented  in  Fig.  5. 

The  multi-unit  system  contains  a  master  unit 
represented  in  Fig.  6  and  one  or  more  slave  units 
such  as  represented  in  Fig.  7.  Fig.  7  represents  a 
flow  chart  for  a  typical  slave  unit  operating  accord- 
ing  to  the  computer  program  produced  according 
to  the  flow  chart.  The  slave  unit  routine  starts  when 
power  is  turned  on  at  slave  unit  main  loop  micro- 
processor  portion  65.  The  slave  unit  initializes  by 
an  "initialize  slave  unit"  microprocessor  portion  66 
in  a  similar  manner  to  the  master  unit  of  Fig.  5, 
coupling  the  hardware  and  checking  programmable 
data  for  integrity.  The  slave  unit  includes  a 
"message  coming  in?"  microprocessor  portion  67 
which  is  in  the  main  processing  loop  of  the  slave 
unit. 

One  of  the  functions  in  the  main  loop  is  to 
check  for  incoming  messages  at  microprocessor 
portion  67.  When  a  message  is  detected,  the  slave 
unit  proceeds  to  receive  it  and  transmit  it  through 
the  "yes"  output  of  the  microprocessor  portion  67 
to  an  "accept  message"  microprocessor  portion 
68.  The  microprocessor  portion  68  is  coupled  to  a 
"valid  message?"  microprocessor  portion  69  which 
checks  the  message  for  validity  as  determined  by 
validation  of  the  length  of  the  message  and  a 
check  sum.  When  the  message  is  valid  for  the 
slave  unit  receiving  it,  it  is  passed  to  the  incoming 

message  buffer  comprising  a  "store  message" 
microprocessor  portion  70.  After  storing  the  mes- 
sage,  control  is  passed  back  to  the  main  loop. 
When  the  message  is  not  valid  it  is  discarded  and 

5  control  is  passed  back  to  the  main  loop  in  the  slave 
unit. 

The  main  loop  in  the  slave  unit  includes  micro- 
processor  portion  67,  "message  analyzer"  micro- 
processor  portion  86,  "unit  control"  microprocessor 

w  portion  87  and  "other  functions"  microprocessor 
portion  88.  One  of  the  functions  in  the  main  loop 
performed  by  "message  analyzer"  microprocessor 
portion  86  is  to  analyze  the  incoming  messages 
and  store  the  data  from  the  messages,  as  will  be 

75  explained  more  fully  subsequently.  After  execution 
of  the  message  commands,  the  message  analyzer 
returns  to  the  main  loop  as  represented  by  unit 
control  microprocessor  portion  87  which  proceeds 
to  perform  unit  control  for  the  slave  unit.  Micropro- 

20  cessor  portion  87  is  coupled  to  "other  functions" 
microprocessor  portion  88  which  performs  other 
system  related  operations  such  as  generating  a 
display,  responding  to  a  key  press,  or  timing  down 
a  process. 

25  The  slave  unit  message  analyzer  86  is  repre- 
sented  in  detail  in  Fig.  8.  The  message  analyzer 
has  an  entry  point  slave  unit  message  analyzer 
microprocessor  portion  71.  The  message  analyzer 
retrieves  the  incoming  messages  from  the  incom- 

30  ing  message  receive  buffer  ("store  message" 
microprocessor  portion  70)  to  determine  their  func- 
tion.  The  microprocessor  portion  71  is  coupled  to  a 
"load  leveling  message?"  microprocessor  portion 
72  having  a  "yes"  output  coupled  to  a  "store  new 

35  load  control  parameters  for  device  control"  micro- 
processor  portion  73.  The  microprocessor  portion 
73  separates  the  new  load  control  parameters  from 
the  messages  and  stores  them  for  the  unit  control 
subroutines.  Then  the  microprocessor  portion  73 

40  passes  control  to  a  common  exit  point  "return  to 
main  loop"  microprocessor  portion  74. 

When  the  messages  are  other  than  load  level- 
ing  control  messages,  the  "no"  output  of  the  micro- 
processor  portion  72  applies  the  messages  to  an 

45  "other  messages"  microprocessor  portion  75  which 
recognizes  messages  other  than  load  leveling  type 
messages.  The  microprocessor  portion  75  applies 
such  messages  through  its  "yes"  output  to  a 
"perform  appropriate  action"  microprocessor  por- 

50  tion  76.  The  microprocessor  portion  76  then  is 
coupled  to  the  common  return  microprocessor  por- 
tion  74.  When  all  messages  have  been  analyzed, 
control  is  passed  back  to  the  main  routine  in  the 
slave  unit  from  microprocessor  portion  74. 

55  Referring  now  to  Fig.  9,  a  typical  device  con- 
trol,  for  example,  a  fryer  temperature  control,  en- 
ters  through  typical  device  control  microprocessor 
portion  80.  The  microprocessor  portion  80  is  coup- 
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led  to  a  "read  control  parameters  from  current 
table"  microprocessor  portion  81.  The  micropro- 
cessor  portion  81  reads  the  device  control  param- 
eters  from  a  table  that  has  been  updated  from  the 
EEPROM  hardware  at  initialization  or  from  load 
leveling  messages  received  from  the  master  unit. 
The  microprocessor  portion  81  is  coupled  to  a 
"read  feedback  information  for  device"  micropro- 
cessor  portion  82  which  detects  feedback  informa- 
tion  for  comparison  with  table  data.  An  example  of 
feedback  data  would  be  the  operating  temperature 
of  the  device.  The  microprocessor  portion  82  is 
coupled  to  an  "is  device  within  table  parameters?" 
microprocessor  portion  83  which  compares  the 
feedback  information  to  the  table  parameters  to 
determine  whether  action  is  required.  When  control 
action  is  required,  the  "no"  output  of  the  micropro- 
cessor  portion  83  applies  a  signal  to  a  "turn  device 
on  or  off  to  bring  within  table  range"  microproces- 
sor  portion  84.  When  control  action  is  required,  the 
microprocessor  portion  84  modifies  the  control  set- 
tings  to  bring  the  device  within  the  table  range.  In 
either  case  of  modified  control  or  no  control  action 
required,  the  microprocessor  portions  83  and  84 
are  coupled  to  a  "return"  microprocessor  portion 
85  which  serves  as  an  exit  point  from  the  device 
control  back  to  the  slave  unit  main  loop. 

While  there  have  been  described  what  are  at 
present  considered  to  be  the  preferred  embodi- 
ments  of  this  invention,  it  will  be  obvious  to  those 
skilled  in  the  art  that  various  changes  and  modifica- 
tions  may  be  made  therein  without  departing  from 
the  invention  and  it  is,  therefore,  aimed  to  cover  all 
such  changes  and  modifications  as  fall  within  the 
true  spirit  and  scope  of  the  invention. 

Claims 

1.  Food-processing  apparatus  for  controlling  the 
power  utilized  by  a  system  including  a  plurality 
of  loads  comprising: 
computer  control  means  in  food-processing 
apparatus  and  coupled  to  a  plurality  of  loads 
which  have  on  and  off  periods  for  leveling  the 
total  load  by  the  system  including  computer 
means  responsive  to  the  actual  power  demand 
of  the  loads  for  determining  whether  the  actual 
power  demand  of  the  loads  will  exceed  a  pre- 
determined  maximum  power  demand  limit  for 
the  system; 
computer  means  for  prioritizing  said  loads 
which  have  on  and  off  periods;  and 
computer  means  responsive  to  said  determin- 
ing  means  if  said  predetermined  limit  for  maxi- 
mum  power  demand  will  be  exceeded  by  ac- 
tual  power  demand  for  lengthening  the  off  pe- 
riod  of  at  least  one  prioritized  load  of  the 
system  for  leveling  the  total  load  by  the  sys- 

tem. 

2.  Apparatus  in  accordance  with  claim  1  which 
includes  computer  means  responsive  to  said 

5  power-demand  determining  means  if  said  pre- 
determined  limit  for  maximum  power  demand 
will  not  be  exceeded  by  actual  power  demand 
for  determining  whether  the  actual  power  de- 
mand  is  in  a  predetermined  safety  band  below 

io  said  predetermined  limit 

3.  Apparatus  in  accordance  with  claim  2  which 
includes  computer  means  for  shortening  the  off 
period  of  one  or  more  prioritized  loads  to  bring 

75  the  actual  power  demand  into  the  said  safety 
band. 

4.  Apparatus  in  accordance  with  claim  1  in  which 
said  loads  have  minimum  on  periods  and  in 

20  which  said  means  for  lengthening  the  off  pe- 
riod  of  one  or  more  prioritized  loads  comprises 
means  for  removing  a  load  of  lowest  priority 
which  has  been  on  for  at  least  the  minimum  on 
period. 

25 
5.  Apparatus  in  accordance  with  claim  1  in  which 

said  computer  control  means  includes  a  plural- 
ity  of  coupled  computer  control  means  includ- 
ing  a  master  means  and  a  slave  means  and  in 

30  which  said  master  means  includes  means  for 
transmitting  messages  and  in  which  said  slave 
means  includes  means  for  determining  wheth- 
er  a  message  is  being  received  from  said 
master  means  and  means  responsive  to  said 

35  message-determining  means  for  checking 
whether  a  received  message  is  a  valid  mes- 
sage. 

6.  Apparatus  in  accordance  with  claim  5  which 
40  includes  means  responsive  to  said  message- 

checking  means  for  determining  whether  a  re- 
ceived  message  is  a  load-leveling  message 
and  means  responsive  to  a  load-leveling  mes- 
sage  for  storing  new  load  control  parameters 

45  for  one  or  more  loads. 

7.  Apparatus  in  accordance  with  claim  6  in  which 
each  of  said  loads  comprises  a  device  includ- 
ing  means  for  reading  stored  control  param- 

50  eters,  means  for  supplying  feedback  informa- 
tion  for  determining  whether  said  device  is 
operating  in  accordance  with  said  stored  con- 
trol  parameters  and  means  for  switching  said 
device  on  or  off  to  bring  said  device  into 

55  accordance  with  said  stored  control  param- 
eters. 

8.  Apparatus  in  accordance  with  claim  1  in  which 
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said  loads  comprise  cooking  devices. 

9.  Apparatus  in  accordance  with  claim  1  in  which 
said  loads  comprise  cooking  and  cooling  de- 
vices. 

10.  Apparatus  in  accordance  with  claim  1  in  which 
said  loads  comprise  cooking  and  air-condition- 
ing  devices. 

11.  A  master-slave  food-processing  apparatus  for 
controlling  the  power  utilized  by  a  system  in- 
cluding  a  plurality  of  slave-controlled  loads 
comprising: 
a  plurality  of  slave  computer  control  means  in 
food-processing  apparatus  for  controlling  the 
power  usage  of  each  of  said  loads  for  leveling 
the  total  load  of  the  system; 
master  computer  means  responsive  to  the  ac- 
tual  power  demand  of  said  loads  for  determin- 
ing  whether  a  predetermined  limit  for  maxi- 
mum  power  demand  for  the  system  will  be 
exceeded  by  the  actual  power  demand  of  said 
loads;  and 
slave  computer  means  responsive  to  said  de- 
termining  means  if  said  predetermined  limit  for 
maximum  power  demand  will  be  exceeded  by 
actual  power  demand  for  reducing  the  power 
usage  of  at  least  one  of  said  loads  to  reduce 
said  actual  power  demand. 

12.  Apparatus  in  accordance  with  claim  11,  which 
includes  master-computer  means  for  prioritiz- 
ing  said  loads  which  have  on  and  off  periods 
and  in  which  said  computer  means  for  reduc- 
ing  the  power  usage  comprises  means  for 
lengthening  the  off  period  of  the  duty  cycle  of 
one  or  more  prioritized  loads. 

13.  Apparatus  in  accordance  with  claim  11,  which 
includes  computer  means  responsive  to  said 
determining  means  if  said  predetermined  limit 
for  maximum  power  demand  will  not  be  ex- 
ceeded  by  actual  power  demand  for  determin- 
ing  whether  the  actual  power  demand  is  in  a 
predetermined  safety  band  below  said  pre- 
determined  limit. 

14.  Apparatus  in  accordance  with  claim  13  which 
includes  computer  means  for  prioritizing  said 
loads  which  have  on  and  off  periods  and  slave 
computers  means  for  shortening  the  off  period 
of  the  duty  cycle  of  one  or  more  prioritized 
loads  to  bring  the  actual  power  demand  into 
said  safety  band. 

15.  Apparatus  in  accordance  with  claim  12  in 
which  said  slave-controlled  loads  have  mini- 

mum  on  periods  and  in  which  said  means  for 
lengthening  the  off  period  of  the  duty  cycle  of 
one  or  more  prioritized  loads  comprises  means 
for  removing  a  load  of  lowest  priority  which 

5  has  been  on  for  at  least  the  minimum  on 
period. 

16.  A  master-slave  food-processing  apparatus  for 
controlling  the  power  utilized  by  a  system, 

10  comprising: 
a  plurality  of  slave-controlled  loads; 
a  plurality  of  coupled  computer  control  means 
in  food-processing  apparatus,  each  of  said  ap- 
paratus  constituting  a  part  of  a  total  electrical 

75  load; 
master  computer  means  responsive  to  the  ac- 
tual  power  demand  of  said  total  load  for  cal- 
culating  whether  a  predetermined  limit  for 
maximum  power  demand  for  the  system  will 

20  be  exceeded  by  the  actual  power  demand  of 
said  total  load;  and 
a  plurality  of  slave  computer  control  means 
responsive  to  said  calculating  means  if  said 
predetermined  limit  for  maximum  power  de- 

25  mand  will  be  exceeded  by  actual  power  de- 
mand  for  reducing  the  power  usage  of  at  least 
one  of  said  parts  of  said  total  load  to  reduce 
said  actual  power  demand. 

30  17.  Apparatus  in  accordance  with  claim  16  which 
includes  means  for  determining  repetitive 
times  for  calculating  power  demand. 

18.  Apparatus  in  accordance  with  claim  16  in 
35  which  one  of  said  computer  control  means  is  a 

master  computer  control  means  and  in  which 
said  computer  means  for  reducing  the  power 
usage  of  at  least  one  of  said  slave-controlled 
loads  includes  means  for  determining  the 

40  amount  of  load  to  defer,  means  for  selecting 
which  loads  to  defer,  and  means  for  transmit- 
ting  a  load-leveling  message  to  another  of  said 
slave  computer  control  means  to  lengthen  the 
off  period  of  a  selected  load. 

45 
19.  Apparatus  in  accordance  with  claim  16  which 

includes  a  master  computer  means  responsive 
to  said  calculating  means  if  said  predetermined 
limit  for  maximum  power  demand  will  not  be 

50  exceeded  by  actual  power  demand  for  deter- 
mining  whether  the  actual  power  demand  is  in 
a  predetermined  safety  band  below  said  pre- 
determined  limit. 

55  20.  Apparatus  in  accordance  with  claim  19  which 
includes  master  computer  means  for  prioritiz- 
ing  said  loads  which  have  on  and  off  periods 
and  slave  computer  means  for  shortening  the 



EP  0  456  872  A1 16 15 

30.  A  method  for  controlling  the  power  utilized  by 
a  system  including  a  plurality  of  food-process- 
ing  apparatus  comprising: 
controlling  by  integral  computers  the  duty  cy- 

5  cle  of  each  of  a  plurality  of  slave-controlled 
electrical  loads; 
determining  by  a  master  computer  controller  in 
response  to  the  actual  power  demand  of  the 
loads  whether  a  predetermined  limit  for  maxi- 

10  mum  power  demand  for  the  system  will  be 
exceeded  by  the  actual  power  demand  of  the 
loads;  and 
reducing  the  power  usage  of  at  least  one  of 
the  slave-controlled  loads  to  reduce  the  power 

75  demand  if  the  predetermined  limit  for  maxi- 
mum  power  demand  will  be  exceeded  by  ac- 
tual  power  demand. 

off  period  of  the  power  usage  of  one  or  more 
prioritized  loads  to  bring  the  actual  power  de- 
mand  into  said  safety  band. 

21.  Apparatus  in  accordance  with  claim  16  in 
which  said  plurality  of  coupled  computer  con- 
trol  means  includes  a  master  computer  control 
means  and  a  slave  computer  control  means 
and  in  which  said  master  means  includes 
means  for  transmitting  load-leveling  messages 
and  in  which  said  slave  means  includes  means 
for  determining  whether  a  load-leveling  mes- 
sage  is  being  received  from  said  master 
means  and  means  responsive  to  said  load- 
leveling  message-determining  means  for 
checking  whether  a  received  message  is  a 
valid  load-leveling  message. 

22.  Apparatus  in  accordance  with  claim  21  which 
includes  means  responsive  to  said  load-level- 
ing  message-checking  means  for  determining 
whether  a  received  message  is  a  load-leveling 
message  and  means  responsive  to  a  load- 
leveling  message  for  storing  new  load  control 
parameters  for  one  or  more  loads. 

23.  Apparatus  in  accordance  with  claim  22  in 
which  each  of  said  slave-controlled  loads  com- 
prises  a  device  including  means  for  reading 
stored  control  parameters,  means  for  supplying 
feedback  information  for  determining  whether 
said  device  is  operating  in  accordance  with 
said  stored  control  parameters  and  means  for 
switching  said  device  on  or  off  to  bring  said 
device  into  accordance  with  said  stored  control 
parameters. 

24.  Apparatus  in  accordance  with  claim  11  in 
which  said  loads  comprise  cooking  devices. 

25.  Apparatus  in  accordance  with  claim  16  in 
which  said  loads  comprise  cooking  devices. 

26.  Apparatus  in  accordance  with  claim  11  in 
which  said  loads  comprise  cooking  and  cooling 
devices. 

27.  Apparatus  in  accordance  with  claim  16  in 
which  said  loads  comprise  cooking  and  cooling 
devices. 

28.  Apparatus  in  accordance  with  claim  11  in 
which  said  loads  comprise  cooking  and  air- 
conditioning  devices. 

29.  Apparatus  in  accordance  with  claim  16  in 
which  said  loads  comprise  cooking  and  air- 
conditioning  devices. 

31.  A  method  in  accordance  with  claim  30,  which 
includes  prioritizing  the  loads  which  have  on 
and  off  periods  and  in  which  reducing  the 
power  usage  comprises  lengthening  the  off 
period  of  one  or  more  prioritized  loads. 

20 

25  32.  A  method  in  accordance  with  claim  30,  which 
includes  determining  whether  the  actual  power 
band  is  in  a  predetermined  safety  band  below 
the  predetermined  limit  for  maximum  power  if 
the  predetermined  limit  for  maximum  power 

30  demand  will  not  be  exceeded  by  actual  power 
demand. 

33.  A  method  in  accordance  with  claim  30,  which 
includes  prioritizing  the  loads  which  have  on 

35  and  off  periods  and  shortening  the  off  period  of 
one  or  more  prioritized  loads  to  bring  the  ac- 
tual  power  demand  into  the  safety  band. 

25 

34.  A  method  in  accordance  with  claim  31,  in 
which  the  loads  have  minimum  on  periods  and 
in  which  lengthening  the  off  period  of  one  or 
more  prioritized  loads  comprises  removing  a 
load  of  lowest  priority  which  has  been  on  for  at 
least  the  minimum  on  period 

40 

45 
35.  A  method  for  controlling  the  power  utilized  by 

a  system  including  a  plurality  of  computer- 
controlled  food  processing  apparatus  loads 
comprising: 

so  controlling  the  power  usage  of  each  of  a  plural- 
ity  of  food-processing  electrical  loads  by  a 
plurality  of  coupled  computer  control  means 
integral  to  the  food-processing  apparatus; 
determining  whether  a  predetermined  limit  for 

55  maximum  power  demand  for  the  system  will 
be  exceeded  by  the  actual  power  demand  of 
the  loads;  and 
reducing  the  power  usage  of  at  least  one  of 
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the  loads  to  reduce  the  actual  power  demand  if 
the  predetermined  limit  for  maximum  power 
demand  will  be  exceeded  by  actual  power 
demand. 

5 
36.  A  method  in  accordance  with  claim  35  which 

includes  determining  repetitive  times  for  test- 
ing  power  demand. 

37.  A  method  in  accordance  with  claim  35  in  which  w 
reducing  the  power  usage  of  at  least  one  of 
the  loads  includes  determining  the  amount  of 
load  to  defer,  selecting  which  load  to  defer, 
and  transmitting  a  load-leveling  message  to 
another  of  the  computer  control  means  to  75 
lengthen  the  off  period  of  a  selected  load. 

38.  A  method  in  accordance  with  claim  35  which 
includes  determining  whether  the  actual  power 
demand  is  in  a  predetermined  safety  band  20 
below  the  predetermined  limit  if  the  predeter- 
mined  limit  for  maximum  power  demand  will 
not  be  exceeded  by  actual  power  demand. 

39.  A  method  in  accordance  with  claim  38  which  25 
includes  prioritizing  the  loads  which  have  on 
and  off  periods  and  shortening  the  off  period  of 
the  duty  cycle  of  one  or  more  prioritized  loads 
to  bring  the  actual  power  demand  into  the 
safety  band.  30 

40.  A  method  in  accordance  with  claim  35  which 
includes  transmitting  messages  from  a  master 
computer  control  means  to  a  slave  computer 
control  means  and  determining  by  the  slave  35 
means  whether  a  message  is  being  received 
from  the  master  means  and  checking  whether 
a  received  message  is  a  valid  message. 

41.  A  method  in  accordance  with  claim  40  which  40 
includes  determining  whether  a  received  mes- 
sage  is  a  load-leveling  message  and  storing 
new  load  control  parameters  for  one  or  more 
loads. 

45 
42.  A  method  in  accordance  with  claim  41  which 

includes  reading  stored  control  parameters, 
supplying  feedback  information  for  determining 
whether  the  operation  is  in  accordance  with  the 
stored  control  parameters  and  switching  a  de-  50 
vice  on  or  off  to  bring  the  device  into  accor- 
dance  with  the  stored  control  parameters. 

55 

10 
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